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Conclusions: Deformable registration of head and neck CT 
images using elastix resulted in a combined delineation and 
deformation uncertainty of approximately twice the 
uncertainty related to the manual delineation performed on 
one CT. These uncertainties should be considered when using 
image deformations and registrations for clinical and 
research purposes.  
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Purpose/Objective: In an increasing number of patients, 
multiple brain lesions are treated simultaneously using 
stereotactic techniques and dynamic arc irradiation. For 
lesions that are close together, treatment plans can be made 
that use only a single isocenter without compromising plan 
quality, in terms of conformity and DVH parameters, 
compared to multi-isocenter plans. Since every isocenter 
requires its own setup procedure at the linac, a single 
isocenter plan increases treatment efficiency and reduces 
patient discomfort. However, single isocenter plans do not 
allow for separate corrections for relative motion of the 
lesions, for example due to rotations of the head. Moreover, 
the associated placement of the single isocenter in between 
targets introduces sensitivity to residual patient rotations 
after setup. Both effects decrease to robustness of the plan. 
We investigate and quantify this loss of robustness.  
Materials and Methods: For 7 patients the robustness of 
single-fraction treatment plans with 2 mm PTV margins were 
evaluated assuming different distances (in the range 0-10 cm) 
between CTV-centroid and isocenter positions. These plans 
satisfy V100% Dpres = 95% for the PTV, where Dpres is the 
prescribed dose (18 or 24 Gy) and a max dose in the PTV that 
does not exceed 150% Dpres. The positions of the CTVs were 
shifted with respect to the planned dose distribution to 
simulate setup uncertainties due to couch positioning and 
rotations. The simulated shifts were sampled from non-setup 
systematic uncertainties, like for example delineation 
uncertainties, and the positioning uncertainties associated 
with patient setup. Our clinical practice is to take two CBCTs 
prior to the treatment, the first to obtain the position of the 
patient on the table, the second after the couch shift which 
corrects for translations but not for rotations with respect to 
the plan CT. For the simulations we used the SDs of the 
residual translations and rotations measured by the second 
CBCT registration. For the uncertainties not associated with 
setup we use Σ = 0.8 mm SD. The residual setup errors were 
0.5 mm SD for translations and 1.1 dgree SD for rotations 
around the isocenter.  
Results: The maximal separation dmax between the CTV-
centroid and isocenter that lead to a 90% probability that the 
patient receives a dose D99% = 95% Dpres to the CTV was 
determined from the simulations. We obtained dmax=5.0 ± 0.9 
cm. 
Conclusions: The results for this small group of patients 
suggest that with the current clinical margins lesions with 
centroid positions up a maximum of 10 cm apart would result 
in treatment plans that are robust for translational and 
rotational setup uncertainties.  
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Purpose/Objective: Biologically guided radiotherapy needs 
an understanding of how different functional imaging 
techniques interact and link together, and how they can be 
